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^  lackhied-C-eorgia  investlgatofs  have  recently 

■%  /ey>nrts!i  o«  a  study  designed  to  determine  the  sig- 
^  niflcance  of  voiding  variables  and  the  factors 
necessary  for  the  successful  transfer  of  weld  set- 
*■*  tings  when  inert-gas  tungsten-arc  welding  aluminum 
tiioysJ  1)  Welds  were  made  ir.  1/a-  and  3/4-inch 
2219-T67  piste  using  a  square-butt  joint-.  The  ex- 
perimente  were  statistically  designed,  and  the  re- 
suits  were  analyzed  with  the  aid  of  a  computer. 

V>  The  major  variables  influencing  weld  penetration 
were  found  to  be  travel  speed,  electrode  position, 
Vft#  current,  electrode-tip  diameter,  and  gas  purity. 

9 Weld  ultima  be* ‘strength  variations  were  affected 

most  by  travel  speed,  electrode  position,  voltage, 
land  gas  purity.  Variables  accounting  for  varia¬ 
tions  in  porosity  were  gas  purity  and  the  time- 
temperature  function.  The  variables  for  which 
-accurate  instrumentation  oust  be  provided  to  trans¬ 
fer  weld  settings  were  (in  order  of  importance) 

•£!>  travel  speed,  electrode  position,  current,  voltage, 
gas  purity,  and  electrode-tip  diameter.  The  inves¬ 
tigation  indicated  that  a  change  of  the  welding 
control  system  from  one  system  to  another  may  pre¬ 
clude  the  ability  to  successfully  transfer  a  weld 
setting.  For  example,  settings  that  are  stable 
and  satisfactory  when  welding  with  the  conventional 
"automatic  voltage”  control  system  can  be  trans¬ 
ferred  ro  the  “voltage- proximity-current”  system, 
but  the  opposite  is  not  always  possible-  However, 
duplicate  trace  recordings  of  the  four  dynamic 
var' ablec  (current,  voltage,  electrode  position, 
and  travel  speed)  indicate  duplicate  welds  regard¬ 
less  of  system  change.  The  instrumentation  should 
have  high  resolution  and  trace-type  potentioraetric 
recorders.  An  accumulation  of  variation  in  the 
minor  static  variables  such  as  wire-deposit  rate, 
gas  flow,  gas  purity,  etc.,  will  cause  significant 
variation  in  the  resulting  welds.  Wire-deposit 
volume  normally  is  not  a  critical  variable ;  how¬ 
ever,  the  angle  and  position  of  entry  into  the  weld 
puddle  is  extremely  sensitive.  A  change  could  in¬ 
validate  electrode  position  and  voltage  data. 

A  final  report  or.  a  3-year  program  at  South¬ 
west  Research  covering  the:  development  of  welaing 
techniques  and  filler  metals  for  high-strength 
aluminum  alloys  has  been  received  by  DM1C.(2)  The 
report  indicated  that  no  new  filler  metals  were 
found  which  gave  properties  any  better  than  those 
that  were  commercially  available.  Intemcetallic 
precipitates  were  shown  to  have  a  significant  role 
in  the  initiation  of  fracture  in  3/4-inch  inert- 
gas  tungsten-arc  2219-T8?  alloy  weldments.  The 
natural  aging  characteristics  of  X71Q6-T63  alloy 
weldments  made  with  X5180,  5356,  and  5556  alloy 
filler  wire  were  investigated.  Marked  increases 


in  the  uniaxial  tensile  strength  of  the  welch, ents 
were  observed  to  occui  for  aging  neriods  of  up  to 
8  weeks.  In  some  cases,  the  strength  of  the  weld 
deposit  increased  to  a  value  such  that  the  location 
of  the  fractures  in  tensile-test  specimens  shifted 
from  t..  i  welo  deposit  to  the  heat-affected  base 
metal. 

Crack-susceptibility  tests  on  0. 125-inch 
2219-787,  2014-16,  end  X7106-T63  alloy  sheet  materi¬ 
al  established  that,  for  this  thickness,  the  sus¬ 
ceptibility  of  X7106-T63  alloy  to  hot  ^racking  dur¬ 
ing  weldir.g  is  comparable  toHhat  of  2014-T6  alloy. 
The  2219-T87  material  exhibited  3  degree  of  crack 
susceptibility  considerably  lower  tna.i  that  of  the 
other  two  alloys.  Uniaxial  tensile  tests,  hydraulic 
bulge  tests,  cylinder  burst  tests,  MIT  biaxial  tests, 
and  LTV  biaxial  tests  were  performed  on  0.. 125-inch 
2014-T6,  2219-T67,  and  X7106-63  parent  metal  and 
weldments.  This  study  showed  that  the  hydraulic 
bulge  test  may  be  used  for  the  determination  of  the 
1«1  biaxial  mechanical  properties  of  such  weldments. 
These  properties  were  also  shown  to  be  essentially 
equivalent  to  the  uniaxial  properties.  Nunerous 
graphs  were  presented  to  substantiate  the  conclu¬ 
sions  drawn. 

At  Riso  in  Denmark,  fc„th  pressure—  and  fusion¬ 
welding  processes  have  been  investigateo  for  SAP-to- 
SAP  joints. w)  The  pressure-welding  processes 
appear  preferable  from  the  standpoint  of  hlgh- 
temperature  strength.  However,  fusion  welding,  with 
careful  control  of  heat  input,  was  shown  to  be 
feasible. 

Joint  mechanical  properties  obtained  by  flash 
welding  were  considered  to  be  indicative  of  any 
pressure-welding  process,  Flash-welded  joints  in 
SAP-930  exhibited  satisfactory  high-temperature 
strength.  Ultimate  tensile  strengths  were  about  90 
percent  of  parent-metal  longitudinal  strength  bux 
were  considerably  higher  than  parent-metal  xransverse 
strength.  E3.ongation  was  relatively  poor.  These 
properties  call  for  special  design  considerations, 
but  the  pressure-welding  processes  were  concluded 
to  be  effective  for  joining  SAP,  although  upsetting 
forces  may  cause  complications  in  clamping. 

Both  inert-gas  tungsten-arc  and  inert-gas 
metal-arc  welding  care  investigated  at  Riso  for 
end  capping  SAP  tubes.  A  pure  alumiman  filler  ma¬ 
terial  was  employed.  To  control  heat  input,  a  ro¬ 
tated  arc  was  used  for  -cungsten-arc  welding  and  the 
short-circuiting  process  for  metal-arc  welding. 

Good  joint  strength  and  tightness  at  elevated  tem¬ 
perature  were  obtained  by  both  processes.  However, 
in  fusion  with,  aluminum  filler,  particular  atten¬ 
tion  was  required  to  keep  stresses  low  in  the 
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iluminua  part  of  the  joint  because  of  aluminum's 
inferior  high-temperature  strength  cospared  with 
that  of  SAP. 

A  stainless  steel-.'luain’js!  transition  joint 
for  use  at  -temperatures  up  to  about  900  F  has  been 
developed  at  Atomics  International. (4»6)  The  joint 
consists  of  a  stainless  steel  tubular  section  bonded 
to  a  pure  aluminum  sleeve.  A  tungsten  barrier  layer 
is  used  to  prevent  diffusion  between  the  joint  com¬ 
ponents  during  hot  isostatic  pressure  bonding.  The 
stainless  steel  was  plated  with  nickel.  The  bonding 
parameters  were  10,000  psi  at  1150  F  for  15  minutes. 

HIOCFX  AMD  SUPERALLOYS 

Solar  has  evaluated  several  alloys  for  braz¬ 
ing  foil-thickness  (0.010  inch)  ~Z  Nicbei,  TD  Nickel 
Chromium,  L-605,  and  Inconel  625  in  their  program  on 
the  development  of  honeycomb-sandwich  for  use  at 
1800  F  and  above. (6,7)  The  selections  were  made  on 
the  basis  of  remelt  temperature,  high- temperature 
oxidation,  and  strength  tests.  Data  on  these  alloys 
and  the  results  of  tensile  tests  on  T  joints  are 
given  in  Tables  1,  2,  3,  and  4.  Engineers  wishing 
to  follow  the  Solar  work  on. superalloy  joining  should 
be  aware  of  a  companion  program  under  Contract 
Number  F33615-67-C-1217  that  has  essentially  the 
same  objectives.  The  efforts  are  being  carried  on 
concurrently  at  Solar. 

Hoppin,  in  a  paper  delivered  recently  at  the 
ASM  Metal  Congress,  emphasized  that  stress-rupture 
and  creep  strengths  are  the  limiting  factors  when 
selecting  brazing  allovs  for  superalloys  for  hieh- 
temperature  service. (8)  Solar  has  the  development 
of  such  data  as  one  objective  of  its  programs. 

Some  of  Hoppin* s  data  axe  shown  in  Figures  1  and  2 


for  brazed  lap  joints  in  Ren^  41,  All  of  these 
joints  had  a  2t  overlap  and  were  aged  at  1400  F  for 
16  hours. 

A  quotation  from  Hoppin’ s  paper  is  pertinent 
to  the  reporting  of  any  information  on  the  brazing 
of  high-temperature  alloys. 

"Valid  comparison  of  one  filler  metal  to 
another  may  be  made  to  aid  in  selection, 
but  the  apparent  shear-strength  results 
obtained  from  lap-joint  testing  really 
have  no  absolute  value  that  can  be  trans¬ 
lated  into  component  design,  Brazing- 
filler-metal  selection  ultimately  must  be 
made  on  the  basis  of  component  require¬ 
ments  and  proven  on  actual  or  Simula  ted 
components.  There  exists  today  a  vast 
area  of  ignorance  in  applying  brazed-joint 
test  data  intelligently.  Far  more  work 
in  the  area  of  stress  analysis  is  required 
to  determine  whet  tests  are  really  needed 
to  predict  performance.  In  conjunction 
with  this,  available  data  is  inadequate, 
often  not  reproducible,  and  many  design 
engineers  have  avoided  using  brazed  de¬ 
signs  because  of  their  recognition  of  this 
situation.  The  largest  single  factor 
holding  back  the  greater  use  of  brazing 
in  superalloy  fabrications  is  the  lack  of 
proper  data  and  the  knowledge  of  how  to  use 
it." 

Two  manuals  on  brazing  of  superalloys  r.id 
other  materials  have  become  available.  A  Marshall 
Space  Flight  Center  Manual  provides  information  on 
materials,  equipment,  joint  preparation,  repair, 
and  quality  control  for  induction-brazed  tubular 


TABLE  1.  BRAZE  TEMPERATURES  USEd(6,7) 


Superalloy 

Braze  Alloy 

Braze 

Temperature, 

F 

SuDer'llov 

Braze  Alice' 

Braze 

Temperature, 

F 

TD  Nlokal 

TD-20 

2375 

L605 

J8400 

2170 

TD  Nickel 

TD-6 

2375 

L605 

J8100 

2150 

TD  Nickel 

J8600 

2180 

L605 

0*52 

2130 

ID  Nickel 

60Pd-40Ni 

2280 

L605 

J8600 

2180 

TD  Nickel  Chromium 

TD-6 

2380 

Inconel  625 

Painlro  X 

2200 

TD  Nickel  Chromium 

CM50 

2090 

Inconel  625 

CM  50 

2070 

TD  Nickel  Chromium 

NX77 

2200 

Inconel  625 

NX77 

2170 

TD  Nickel  Chromium 

NSB 

2350 

Inconel  625 

2180 

TABLE  2.  BRAZING  ALLOYS  SELECTED  FOR  EVALUATION  6,7) 


Braze  Alloy 

Approximate  Approximate 
Liquidus,  Solidus, 

F  F 

Nominal  Chemlc 

al 

wt&. 

Ni 

Cr 

Pd 

Si 

B 

Au 

Mo 

W 

Fe 

Co 

Others 

TD-6, 

„  „ 

i. 

Bal 

16.0 

— 

4.0 

_ 

17.0 

5.0 

TD-20 

— 

— 

Bal 

16.0 

— 

4.0 

— 

— 

25.0 

5.0 

— 

— 

— 

JB100 

2080 

1980 

Bal 

19.0 

— 

10.0 

— 

— 

— 

— 

l.C 

— 

— 

J8400 

2100 

2025 

21.0 

21.0 

— 

8.0 

0.8 

~o. 

— 

4.0 

— 

Bal 

4C 

J860Q 

2150 

1800 

Bal 

33.0 

25.0 

4.0 

— 

— 

— 

— 

— 

— 

— 

C2(50 

1930 

1905 

Bal 

— 

3.5 

1.9 

— 

— 

— 

— 

— 

— 

CM52 

JSOO 

1800 

Bal 

— 

— 

4.5 

2.9 

— 

— 

— 

1.4 

— 

— 

NSB 

- - 

Bal 

-- 

2.0 

0.8 

— 

— 

— 

— 

— 

— 

60Pd-40Ni 

2260 

2260 

40.0 

— 

60.0 

— 

— 

— 

— 

— 

— 

— 

— 

KX77 

2130 

2020 

Bsl 

5.C 

— 

7.0 

1.0 

— 

— 

1.0 

X 

4.0 

— 

P3lniro  X 

— 

— 

X 

X 

X 

— 

- _ 

X 

— 

— 

— 

¥ 


TABLE  3.  RT.MELT  TEMFERATURE  ^  Ut7) 


3 


Remelt 

TemDeratui e,  F 

1000 

100 

Superalioy 

Braze  Alloy 

psi 

psiv  3; 

L605 

J8400 

2350(.  c) 

_  _ 

T  =  1800  F* 

max 

J8100 

1863 

2225 

a/,52 

2140 

— 

J8600 

2220 

— 

Inconel  625 

Palniro  X 

2350(c) 

— 

Tmax  =  2000  F 

CM  50 

2350  (c) 
2350( c) 

— 

NX77 

— 

J8600 

2350( c) 

— 

ID  Nickel 

TD-20 

2030 

2420 

‘max  =  2000  ? 

TD-o 

2055 

2360 

J3600 

2300 

— 

60Pd-4CNi 

1«60 

2350 

TD  Nickel  Chromium 

TD-6 

2125 

2450'  c 

Tmax  =  2*>°  F 

C7.50 

2025 

2170 

NX77 

2200 

2240 

NSB 

1950 

2270 

(a) 

(b) 

(c) 


Test  only  performed  if  the  1000  psi  remelt 
temperature  was  preliminary  Tmax  +  150  F. 
Tffiax  =  the  maximum  temperature  capability  of 
alloy. 

At  this  temperature  test  terminated  without 
failure. 


TABLE  4.  TENSILE  STRENGTH  OF  AS-BRaZED  T-JOINTS  AI  ROOM  TEMPERATURE  AND  AT 

W6'7) 


Ultimate 


Superalioy 

Eraze  Alloy 

Test 

Temperature, 

F 

Tensile 
Strength, 
1000  psi 

Failure  Mode(a> 

1 

L605 

J8400 

70 

109.5 

BA 

/ 

L605 

J8400 

1800 

21.5 

PH 

t 

L605 

J8100 

70 

yd  .7 

BA 

L605 

J8100 

1900 

22.0 

PH 

)■ 

L605 

0*52 

70 

78.9 

BA 

L605 

CM52 

1800 

20.1 

PH 

§ 

L605 

J8600 

70 

132.0 

BA 

g 

L605 

J8600 

1800 

0.6 

BA 

H 

Inconel  626 

Palniro  X 

70 

70.5 

BA 

t 

Inconel  625 

Palniro  X 

2000 

3.2 

BA 

Inconel  625 

0*50 

70 

106.5 

BA 

Inconel  625 

CM50 

2000 

1.1 

BA 

o 

Inconel  625 

NX77 

70 

75.9 

BA 

J) 

Inconel  625 

NX77 

2000 

10.5 

PM 

Inconel  625 

J8600 

70 

109.0 

PH 

0? 

Inconel  626 

.'3600 

2000 

6.5 

50*  FH 

7*4 

TD  Nickel 

TD-20 

70 

67.8 

FM 

H 

TD  Nickel 

TD-20 

2000 

17.4 

PH 

s 

TD  Nickel 

TD-6 

70 

60.6 

FH 

S 

TD  Nickel 

TD-6 

2000 

15.1 

50*  PM 

TD  Nickel 

J8600 

70 

59.2 

FH 

g 

TD  Nickel 

J86O0 

2000 

5.0 

BA 

w 

TD  Nickel 

60Pd-40Ni 

70 

65.1 

PH 

TD  Nickel 

60Pd-40Ni 

2000 

9.4 

BA 

TD  Nickel  Chromium 

TD-6 

70 

111.6 

30  to  ICO*  PM 

TD  Nickel  Chromium 

TD-6 

2200 

2.3 

BA 

1 

TD  Nickel  Chromium 

0*61 

70 

103.7 

BA 

\ 

TD  Nickel  Cnroolum 

0*50 

2200 

1.2 

BA 

\ 

TD  Nickel  Chromium 

NX77 

70 

120.0 

PH 

1 

TD  Nickel  Chromium 

«X7” 

2200 

0-6 

BA 

TD  Nickel  Chromium 

1  d 

70 

m.o 

BA 

TD  Nickel  Chromium 

» »E 

220C 

0.7 

BA 

(a)  BA  -  brate  alio 

, ,  PM  -  parent  metal. 

/ 
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diffusion  bonding  are  the  joining  methods  under  in- 

-if _ if  Ti _ t _ f _ _  _ _ > 

vcs  uya  uuiif  tt»c  a  t-  my  ai»v/h  wvcicw  j.4»  wn? 

capillary-flow  work  described  above  are  being  evalu¬ 
ated  in  this  study.  The  alloy  63Ag-27Cu-10Sn  has 
been  tentatively  chosen  as  the  most  promising  for 
making  the  sandwich. 

Several  additional  references  to  recent 
beryllium-joining  developments  are  covered  in  the 
EMIC  Review  of  Recent  Developments  on  Beryllium, 
January  26,  1968.  Included  in  this  review  is  a 
summarization  of  Battelle/Columbus  work  on  electron- 
beam  welding  of  1/ 16—  and  l/8-inch- thick  S-200-C 
beryllium.'  *5) 

NEW  PROGRAMS 


FIGURE  2.  PROPERTIES  OF  BRAZED  JOINTS  IN  RENE  4l(8) 


assemblies. (9)  A  Monsanto  Research  publication 
contains  data  on  surface  preparation,  wetting  and 
flow  characteristics,  mechanical  properties,  and 
base-metal  reactions  of  9  filler  metals  on  11  base 
metals. 1 10)  It  is  designed  to  reduce  the  trials 
and  errors  for  those  developing  new  brazing  applica¬ 
tions.  The  base  metals  covered  in  the  Monsanto 
manual  are  tantalum,  Ta-10W,  columbium,  mo’ybdenum, 
tungsten.  Type  304  stainless  steel,  Haynes  25, 
Hastelloy  C,  Waspalloy,  TD  Nickel,  and  U-lOMo. 

Inertia  welding  is  receiving  wide  attention 
for  the  welding  of  the  superalloys  ana  also  other 
metals  of* construction.  General  Electric  is  exam¬ 
ining  this  process  for  the  fabrication  of  jet-engine 
rotors.(-l)  The  alloys  included  in  the  examination 
are  Alloy  718,  Udimet  700,  and  TI-6A1-4V. 

BERYLLIUM 

North  American  Rockwell  is  continuing  the 
development  of  beryllium-titanium  composite  struc¬ 
tures.!  12)  Problems  consi< ered  most  important  to 
the  hinderaii*e  of  complete  success  are  ingot  sheet 
quality,  microcracking  during  forming  and  resistance 
brazing,  and  warpage  during  electron-beam  brazing. 
The  warpage  during  electron-beam  brazing  was  con¬ 
sidered  insurmountable.  Resistance  spot  diffusion 
brazing  appears  to  be  the  most  feasible  method  of 
fabricating  the  composite  truss-core  panels  desired. 

Solar  engineers  in  a  program  to  develop 
brazing  alloys  which  flow  well  (capillary  flow)  on 
beryllium  have  been  looking  mainly  at  the  effect  of 
compositional  changes  on  silver-  and  titanium-base 
alloys. (13)  Ternary  and  quarternary  silver-base 
alloys  based  on  the  sil  er-copper  eutectic  are  being 
evaluated  for  wetting,  low,  melting  characteristics, 
and  base-metal  reactic-  .  Six  alloys  have  been 
found  that  show  promis. .  The  titanium-base-alloy 
studies  follow  those  used  on  the  silver-base  systems 
and  Involve  the  alteration  of  known  alloys  plus 
additions  to  a  Ti— 5.6Be  alloy.  Aluminum  alloys 
are  also  under  study  as  possible  brazing  alloys  for 
beryllium. 

In  another  program  at  Solar,  methods  are 
under  study  for  the  development  of  beryllium 
honeycomb-sandwich  structures.'^/  To  date,  much 
of-  the  effort  has  been  expended  on  the  methods  of 
fabrication  for  the  sandwich  parts.  Brazing  and 


Diffusion  Bonding 

(a)  Contract  AF  33(615) -66-03515, 
Manufacturing  Process  Development  to 
Produce  Large  Structural  Titanium 
Components  by  Diffusion  Bonding 
Laminated  Sections,  North  American- 
Rockwell,  Inc.,  September  8,  1967. 

(b)  Contract  r33( 615) -67-C- 1738,  Nondes¬ 
tructive  Testing  Techniques  for  Diffu¬ 
sion  Bonded  Laminates,  North  American- 
Rockwell,  Inc.,  June  13,  1967. 

(c)  Contract  F33615-67-C-1802,  Fabrication 
Techniques  for  Advanced  Composite 
Attachments  and  Joints,  North  American- 
Rockwell,  Inc.,  June  14,  1967. 

Resistance  Welding 

(a)  Contract  F3361L-68-C-1289 ,  High 

Frequency  Resistance  Welding  Titanium 
Tee  Shapes,  Columbus  Laboratories, 
Battelle  Memorial  Institute,  January  9, 
1968. 
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